Abstract. LiCr x Mn 2-x O 4 (x=0; 0.02; 0.04; 0.06; 0.08, 0.10) have been successfully synthesized via a facile and simple reflux technique. The SEM-EDS data confirm the presence of Cr, Mn and O elements in the products, while the XRD pattern suggests that the materials have well-developed cubic crystals. Direct method was applied to extract structural parameters of LiCr x Mn 2-x O 4 using the Fullprof and Oscail software in WinPlotr package program. Materials were refined in the crystal system, and space group of structures Fd3m phase were then identified. The lattice parameters decrease with the decrease in Cr content. The highest Li-O bond length was found for LiCr 0.10 Mn 1.90 O 4 . It was observed that there is no significant change in particle size as Cr content increased.
INTRODUCTION
LiMn 2 O 4 has recently become an attractive material for the cathode of rechargeable lithium-ion batteries because it has high capacity and is cheap [1] - [3] [4] . However, the pure LiMn 2 O 4 with spinel structure experience has a big capacity fading during cycling especially at high temperature (T>55 o C). The capacity fading mechanism of these cathodes is very complex and depends on many factors including structural transition due to Jahn-Teller distortion, dissolution in the electrolyte, and oxidation of the electrolyte on the electrolyte at the high potential charging [5] . In the past few years, researchers have focused on synthesizing LiMn 2 O 4 doped with various elements to improve its specific capacity by using such metals as Co [6] - [8] , Ni [9] - [12] and Cr [13] Microstructure characterization of LiMn 2 O 4 from the XRD-powder data is usually conducted on computer programs which are usually classified into two: the traditional approach (Rietveld method) and direct space approach including simulated annealing, genetic algorithm, Monte Carlo techniques and Direct Method [14] . Both approaches necessitate the minimum required information on experimental diffraction profile, cell parameters, space group and unit cell content. However, the direct space methods also requires the information on the structure molecular geometry.
We report here that the synthesis of LiCr x Mn 2-x O 4 at various mol ratios Cr/Mn mole ratios using reflux technique followed by solid-state reaction has been successfully conducted. The obtained data from the XRD-powder were then analyzed as single crystal-like data by using the Direct Methods applied on FullProf Pattern Matching and Oscail Program. In addition, we also investigated the physical properties and the microstructures of the material. 
EXPERIMENTAL SECTION

Synthesis of
Synthesis of LiCr x Mn 2-x O 4 is as follows.
One mole of LiOH, 0.02 moles of Cr(CH 3 COO) 3 and 1.98 moles of as-synthesized MnO 2, were dispersed into pure ethanol to form a thick slurry and stirred for several hours followed by separation and drying at room temperature. The process was repeated 2-3 times. The LiCr 0.02 Mn 1.98 O 4 solid was then ignited at 750 o C for 10 hours. The same steps were done for other Cr to Mn mole ratios. Table 1 shows the lattice parameters and volumes of the materials after being refined using FullProf and Oscail. We used FullProf Pattern Matching for extract the intensity data from the powder diffractions and followed by Oscail program to refine as single crystal-like using Direct Method [14] . It shows that both lattice parameters and cell volumes decrease with increase in Cr to Mn mole fraction. It may be due to the partial substitution of Mn We expect the Jahn-Teller distortion is minimum during cycling with this modification [16] . The reason may be suggested as (1) ionic radius of Mn 3+ (0.645 Å) is larger than that of Mn 4+ ions (0.53 Å) and (2) the Cr/Mn-O interatomic distance increases with increase in Cr content (see Fig.  3 .). It is also believed that the lattice contraction of LiCr x Mn 2-x O 4 causes the decrease in the volume of the unit cell. The increase in Cr composition is accompanied by drop of lattice parameters. Table 2 Fig. 4 (b) also shows that the substitution of Mn by Cr in the structure causes the particle size of the LiCr x Mn 2-x O 4 to increase. However, the variation in BET surfaces area is not clear cut to be related to the addition of Cr.
Determination of the LiCr
CONCLUSION
The LiCr x Mn 2-x O 4 materials have been synthesized via reflux technique. The SEM-EDS analysis suggests the presence of Cr, Mn and O elements in the products. Direct methods using FullProf Pattern Matching and Oscail Program has been successfully applied to refine the crystal system and space group. The XRD result reveals that the materials exhibit well-developed cubic Fd3m. The lattice parameters decrease with the decrease in x values. The highest Li-O bond length is found in the LiCr 0.10 Mn 1.90 O 4 . There was no significant change in the particle size that accompanied by mole fraction escalation. 
